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D. Narahara* & T. Pullaiah* : Embryological investigations 
in Amaranthus mangostanus Linn. 

D. y''y* • T. 7 7 -i 7 * : 

Studies in the embryology of Amaranthaceae date back to the previous 
century. Hofmeister (1859) studied a few aspects of female gametophyte of 
some members of Amaranthaceae, while Braun (1859) reported polyembryony 
in Celosia. Savina (1983) has recently reviewed the embryology of the family 
Amaranthaceae. The genus Amaranthus consists of 60 species which are dis¬ 
tributed both in the tropical and temperate regions (Willis 1973). Embryological 
studies in this genus are quite meagre. Soueges (1937a, b) reported Cheno- 
podiad type of embryo development in Amaranthus caudatus and A. retroflexus. 
Kajale (1940) studied the embryology of A. viridis while Sebastian & Desh- 
pande (1974) gave an account of development of male and female gametophytes 
in A. leucocarpus. A review of previous literature reveals that the embryology 
of Amaranthus mangostanus Linn, has not been worked out and hence the 
present investigation has been undertaken. 

Material and methods Flowers at different stages of development were 
collected by the senior author from plants growing in the Sri Krishnadevaraya 
University campus and fixed in formalin-acetic-alcohol (F.A. A). Customary 
methods were followed for clearing and embedding the material. Sections were 
cut at a thickness of 5-7 ftm and stained in Delafield’s haematoxylin. Voucher 
specimen no. DN 1266 has been deposited in the Herbarium of Sri Krishnade¬ 
varaya University, Anantapur and Madras Herbarium, Coimbatore (MH). 

Observations Microsporangium, microsporogenesis and male gametophyte. 
The anthers are tetrasporangiate (Fig. 1A). The male archesporium is hypo- 
dermal and consists of 5-7 cells in longitudinal section (Fig. IB), and 2 to 3 
cells in transverse section. The archesporial cells undergo periclinal divisions 
resulting in primary parietal cells and primary sporogenous cells. The primary 
parietal cells divide periclinally forming two parietal layers of which the outer 
functions as the endothecium, while the inner divides periclinally forming 
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tapetum and middle layer (Fig. 1C-E). This type of anther wall development, 
according to Davis (1966), is known as Monocotyledonous type. The anther 
wall thus consists of four layers including the epidermis and all the four layers 
are seen even at the one-nucleate pollen grain stage (Fig. IF). 

The cells of the epidermis persist even at maturity (Fig. 1G). The hypo- 
dermis develops fibrous thickenings forming fibrous endothecium (Fig. 1G). 
The middle layer gets crushed and degenerated during the male gametogenesis. 
Anther tapetum is of the glandular type. Tapetal cells are completely absorbed 
by the growing pollen grains and no trace of the tapetum is left at maturity 
(Fig. ID, G). 

The primary sporogenous cells undergo mitotic divisions in all planes 
resulting in an extensive mass of pollen mother cells (Fig. ID, E). Pollen 
mother cells undergo meiotic divisions resulting in tetrahedral (Fig. 1H) and 
isobilateral pollen tetrads. The microspore after its release from the tetrad shows 
a large vacuole while the nucleus and the cytoplasm are pushed towards one 
side. The mature pollen grains are 3-celled with 8 to 10 germ pores. 

Ovary and ovule. The ovary is unicarpellary and unilocular with a single 
basal ovule. The ovule is bitegmic and crassinucellate. It arises as a papillate 
outgrowth (Fig. 2A) from the base of the ovary. During megasporogenesis, 
due to unequal growth, the ovule acquires anatropous condition (Fig. 2B). 
After fertilization the ovule becomes amphitropous in which the embryo sac 
becomes horse-shoe-shaped (Fig. 2C). Both inner and outer integuments are 
two-layered, but the inner becomes more massive at the micropylar end where 
it forms the micropyle. The integuments are seperated at the chalazal end by 
an air space (Fig. 2B, C). 

The female archesporial cell is hypodermal and single-celled. It cuts off a 
parietal cell towards the micropyle and a sporogenous cell towards the chalazal 
side (Fig. 2A). The parietal cell first undergoes periclinal and then anticlinal 
divisions forming parietal tissue making the sporogenous cell deep seated. The 
sporogenous cells enlarges and functions as a megaspore mother cell. It under¬ 
goes meiotic divisions resulting in linear tetrad of megaspores (Fig. 2E). Only 
the chalazal megaspore is functional (Fig. 2E). It undergoes three nuclear 
divisions resulting in an 8-nucleate embryo sac of the Polygonum type (Fig. 
2F-H). The egg apparatus consists of two synergids and one egg cell. The 
polar nuclei fuse in the middle of the embryo sac forming secondary nucleus. 
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The antipodal cells are ephemeral (Fig. 2H). 

Fertilization, endosperm and embryo. The entry of pollen tube is porogam- 
ous. Fertilization is normal. Endosperm development is of the Nuclear type. 
The primary endosperm nucleus divides earlier than the zygote and divisions 
are free nuclear (Fig. 3A). The nuclei are distributed at the periphery (Fig. 
2C). Free nuclear divisions continue till the initiation of cotyledons. Wall 
formation in the endosperm starts at the micropylar end and extends towards 
the chalazal side (Fig. 3B). The endosperm becomes cellular completely. The 
growing embryo consumes most of the endosperm leaving one or two layers 
in the mature seed. 

The zygote undergoes a transverse division resulting in a terminal cell ca 
and a basal cell cb (Fig. 3C). Both the cells undergo another transverse division 
resulting in four-celled linear proembryo (Fig. 3D). The derivatives of the 
cell ca are designated as l and l' whereas the derivatives of the cb are desig¬ 
nated as m and ci. The tiers l, l' and m undergo two vertical divisions at 
right angles to each other forming quadrants in each tier. The tier ci under¬ 
goes a transverse division resulting in n and n' (Fig. 3E, F). During further 
development the tier l gives rise to the stem tip and cotyledons, V and m to 
the hypocotyl and a part of the ci to the root tip and root cap (Fig. 3G-J). 
The remaining part of ci forms a suspensor of three to four cells (Fig. 4H). 
The four-celled proembryo is linear and both the cells ca and cb contribute to 
the development of the embryo proper and hence the embryo development 
conforms to the Chenopodiad type (Johansen 1950). The mature embryo is 
curved (Fig. 3J). 

Perisperm. As the embryo sac elongates like a horse-shoe, it encloses the 
central part of the nucellus which persists in the mature seed as perisperm. 

Discussion The anther in the family Amaranthaceae is tetrasporangiate in 
all the members investigated so far except in Alternanthera sessilis where 
bisporangiate anthers are met with (Kajale 1940). The male archesporium 
consists of 2-4 cells in transverse section and 5-7 cells in longitudinal section, 
a condition reported in most members of the family. However, in Digera 
arvensis (Puri & Singh 1935) and Pupalia lappacea (Kajale 1940) there is only 
a single vertical row. 

The ovule in the family Amaranthaceae has been described variously by 
different embryologists. It is described as anacampylotropous in Celosia argentea, 
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Amaranthus viridis, Cyathula tomentosa, Pupalia lappacea (Kajale 1940), Aerva 
tomentosa (Sachar & Murgai 1959), campylotropous in Allmannia nodiflora 
(Kajale 1940) and Celosia cristata (Pal 1968), amphitropous in Psilostachys 
sericea (Bakshi 1952) and Amaranthus leucocarpus (Sebastian & Deshpande 
1974). In the present study the ovule is found to be amphitropous. Since the 
embryo sac and embryo are curved in all the members of Amaranthaceae the 
ovules must have been designated as amphitropous. While classifying the 
ovules, Maheshwari (1950) says (p. 54) “— when the curvature is more pro¬ 
nounced and also affects the embryo sac, so that the latter becomes bent like 
a horse-shoe as in Alismataceae, Butomaceae and Centrospermales the ovule is 
called amphitropous”. Since all the members of Amaranthaceae so far investi¬ 
gated show a curved embryo which must have arisen due to curved embryo sac, 
the ovules have to be designated as amphitropous. Hence the statements of 
Kajale (1940), Sachar & Murgai (1959) and Pal (1968) seem to be doubtful. 
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